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(54) Loading arrangement 

(57) The invention relates to a loading arrangement 
comprising a riser (10) that extends from a subsea 
structure to a coupling element Ibr coupling the riser to 
a vessel. The coupling element comprises a buoy body 
(7) which is connected to a retention member (2) via a 
flexible connection part (8). The retention mender (2), 
such as a submerged buoy is attached to anchor lines 



Figl 



(3,3*) which at or near their end parts are provided with 
buoyancy means (4). The connection part (8), which 
can be a cat)le or a frame structure has a relatively high 
tensile strength to anchor the vessel to the sea bed and 
to prevent drift of the vessel when tension is exerted on 
the connection part (8) and the anchor lines (3). 
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Description 

[0001 ] The invention relates to a loading arrangement 
comprising a riser extending from a subsea structure to 
a coupling element that is attached to the riser tor cou- 
pling the riser to a vessel, the coupling element com- 
prising a buoy body (STL buoy) that is connected to the 
sea bed via anchor lines that are provided with buoy- 
ancy means at or near their ends that are located near 
the buoy body. 

[0002] In the Heidrun fields, oil Is transferred from the 
subsea well to shuttle tankers via a Direct Shuttle Load- 
ing (DSL) system. In this way intermediate storage facil- 
ities need not be used and continuous oil production 
and transfer directly to the shuttle tanker is possible. 
The shuttle tankers comprise a Submerge Tunret Load- 
ing (STL) mooring construction having a keel cavity In 
which a coupling buoy is received. The coupling buoy is 
attached to flexible risers connected to the subsea oil 
well and is attached to the sea bed via anchor lines. The 
anchor lines are near their upper ends provided with 
buoyancy such that the coupling buoy is maintained at a 
predetermined position below water level upon detach- 
ing from the shuttle tanker. Such a system is further 
described in WO 96/36529. 

[0003] During high seas, the shuttle tanker will be dis- 
connected from the coupling buoy, for instance at wave 
heights of 10 m or higher. When the wave height 
decreases, the shuttle tanker needs to be reattached to 
buoy at significant wave heights of 4-5.5 m or at higher 
sea states, which is a very difficult and precise opera- 
tion. The horizontal and vertical position of the detached 
buoy, which is suspended between the buoyant upper 
ends of the anchor lines, is very stable and can not fol- 
low the relative movements of the vessel during the 
hook-up of the STL buoy. It is therefore an object of the 
present invention to provide an STL buoy k>adrng 
arrangement which can be easily coupled to a shuttle 
tanker after detachment. 

[0004] Thereto the loading arrangement according to 
the present invention is characterised in that the buoy 
Ixxiy is connected to a retention member via a flexible 
connection part the retention member being attached 
to the anchor lines, wherein the connection part has a 
relatively high tensile strength to anchor the vessel to 
the seabed and to prevent drift of the vessel when ten- 
sion is exerted on the connection part and ttie anchor 
lines. By the substantially flexible connection part, the 
STL buoy is decoupled from the relatively large horizon- 
tal and vertical stiffness of the anchoring means. The 
buoyancy means may be formed by the retention mem- 
ber, which may have positive buoyancy or by separate 
buoyancy members attached to the end of each anchor 
line, or k>y a combination thereof. It is not necessary for 
the buoy body to have a lot of buoyancy. Because of the 
substantial flexible connection of the STL buoy to the 
retention member, ttie buoy is able to follow the vertical 
and horizontal movements of ttie vessel, whk^h makes it 



easy to pull the STL buoy in towards the shuttie tanker 
and to align the buoy with ttie keel cavity during the 
hook-up procedure. By provkling a substantially flexible 
connection part, ttie dynamic vessel is in a flexible way 

5 connected to the relatively stiff and stable mooring and 
loading system fdnned by the retention member and tiie 
anchor lines. With tiie term llexible" it is meant a con- 
nection which can be displaced in a lateral direction witii 
respect to tiie vertical such as a chain or cable connec- 

10 tion. a pivoting frame or a tubular member which com- 
prises pivoting segments, and the like. 
[0005] It should be noted ttiat an offshore tanker load- 
ing system in which a flexible attachment between a 
coupling member which is located at the water surface 

IS for coupling to a shuttle tanker, and a submerged reten^ 
tion member in the form of a buoy is known from US pat- 
ent number 5.275.510. In the known loading system 
however the retention member is connected to the sea- 
bed via a riser system. From the retention member a 

20 single riser extends vertically upwards to the coupling 
member for providing a fluid connection witii a shuttle 
tanker. This system can only be used in comb'nation 
witii a dynamically positioning system in which the 
tanker position is maintained constant by control of the 

25 ttirusters. No anchoring forces can be transmitted 
ttirough the vertical riser part towards ttie seabed such 
ttiat an anchoring function is not present in this case. 
[0006] In one embodiment of the present invention, 
tiie retention member comprises a chain table con- 

30 nected to ttie s^ed via at least two anchor lines. The 
chain table may comprise buoyancy to keep it at its 
desired depth. The anchor fines can near their upper 
ends be provided witti buoyancy members and can 
extend in a circular pattern around the chain tatrfe such 

35 ttiat it is maintained at a predetermined deptti below sea 
level, for instance 50 metres at the total water depth of 
for instance 1 400 mettes. The chain table may comprise 
a rotatable swivel having a stationary part connected to 
tiie riser and a rotating part connected to a flexible riser 

40 section which extends from the rotating part to the STL 
buoy. The flexit)le riser section is attached to the STL 
buoy via a second swivel for allowing displacement of 
ttie flexible riser section in a plane through the connec- 
tion part In this way relative rotations of the vessel witii 

45 respect to the chain table can be accommodated witii- 
out exerting too large tensions on ttie flexible riser sec- 
tion between the chain table and the STL buoy. 
[0007] In another embodiment ttie retention member 
may comprise a pivot arm ttiat is pivotably connected to 

50 a vessel, such as a floating production storage and 
offbading vessel (FPSO) wherein the connection part is 
attached at or near the free end of ttie pivot arm. In ttiis 
system ttie STL buoy is permanentty connected to ttie 
arm and can be easily picked up in the keel cavity of ttie 

55 shuttle tanker for offloading without ttie buoy being 
moored to tiie seabed. This enr^odiment is particularly 
useful in heavy environments and during higher sea 
states of wave heights between 6-8 m. and improves ttie 
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shuttle tanker connect/disconnect sea state and thus 
the overall availatxlity of the shuttle tanker. TTie distance 
between the first and second vessels could be as large 
as 500 nrtetres. A ballast weight may be attached to the 
pivot am), which may lor instance be a delta frame, to $ 
stabilize the frame when the STL buoy is disconnected 
from the shuttle tanker. A further advantage of attaching 
the STL buoy to the pivot arm is that upon connection, 
the pivot ann keeps the shuttle tanker at a relatively 
fixed distance from the first vessel (FPSO). io 
[0008] Preferably a weight is attached to a support 
arm that is located transversely to the pivot arm such 
that the weight is located betow the pivoting connection 
of the pivot ami when the pivot arm is in its submerged 
equilibrium position. In this way a stable submerged is 
position is achieved wherein the moment on the pivot . 
hinges is relatively low. 

[0009] The connection part may comprise a chain 
which can be provided with a chain swivel for allowing 
rotation of an uppier and lower chain part upon weath- 20 
ervaning of the vessel. It is also possible to use a sub- . 
stantialty rigid frame mentber as a connection part, the 
frame member being connected to the buoy body via a 
pivot connectton such that the buoy body may be tilted 
with respect to the frame member upon drift of the shut- 2s 
tie tanker. 

[0010] In another embodiment the STL buoy is con- 
nected to a first vessel via a flow line which is taken up 
by a winch on the vessel. The buoy coukJ be moved into 
the direction of the keel cavity of the shuttle tanker via a so 
hook up line, a remote operated vehicle (ROV) or with 
thrusters connected to the STL buoy 
[0011] Some en^X)diment5 of a loading system 
according to the present invention will by way of exam- 
ple be explained in detail with reference to the aoconv 3S 
panying drawings. In the drawings: 

Figure 1 shows a side view of a loading anange- 
ment according to the present inventton. 
Figure 2 shows a first emtxxfiment of the loading 40 
arrangement wherein the connection part is formed 
by a cable or chain. 

Figure 3 shows an embodiment wherein the con- 
nection part Is flexible and Is fbrnried by a substan- 
tially rigid frame member connected to the STL 45 
buoy and to a chain table via pivot connections, 
Figure 4 shows a partially cut away enlarged detail 
of the loading anangement of the present invention 
comprising a chain type connection part. 
Figure 5 shows a further embodiment of a loading so 
arrangement of the present invention wherein the 
STL buoy is connected to a pivot arm, 
Figure 6 shows a top view of the pivot arm of figure 
5, and 

Figure 7 shows a third emtxxliment wherein the ss 
STL buoy is attached to a winch on a vessel via a 
flow line. 



[001 2] Figure 1 shows a loading and mooring arrange- 
ment 1 according to the present invention wherein a 
chain table 2 is connected to a number of anchor lines 
3, 3*. The anchor lines 3, 3' are connected to the seabed 
via anchors such as piled anchors, suction anchors or 
fluke anchors. At the ipper ends of the anchor lines 3,3*, 
which can comprise anchor chains, wire rope cat^es or 
cables of synthetic materials such as polyethylene or 
any combination thereof, buoyancy members 4, 4' are 
connected. The anchor lines 3, 3* extend in a circular or . 
grouped configuration around the chain table 2 and 
maintain the chain table at a predetermined position 
below water level 5. A buoy body, or submerged tunet 
loading buoy (STL) 7 is attached to the chain tattle 2 via 
a flexible connection part 8 which can be in the form of 
a chain, cable, or pivoting frame member. The STL buoy 
7 comprises coipling members for attaching to a keel 
cavity 6 in the shuttle tanker 9.; The keel cavity 6 may be 
part of a tun-et system around which the tanker 9 can 
weathervane or can be fixedly placed in the hull of the 
vessel witiiout the use of a turret construction. 
[0013] A number of risers 10. of which only one has 
been shown for reasons of clarity, extend from the sea- 
bed, for instance from a subsea oil well to the chain 
table 2. From the chain table 2 a f lexble riser section 1 1 
extends towards the STL buoy 7. The length of the con- 
nection part 8 may for Instance be between 10 and 50 
meter. The water depth in which the system Is used may 
for instance be 1 300. meter. 

[0014] Rgure 2 shows an embodiment.wherein the 
connection part 8 is forrned by a chain or cable such 
that a large degree of freedom in positioning tiie STL- 
buoy 7 witti respect to the relatively stiffly supported 
chain table 2 is possible. 

[001 5] In the embodiment of figure 3, the connection 
part 8 is formed by a substantially rigid tubular member 
or frame member 14 which is attached to the STL buoy 
7 via a pivot joint 15. At the bottom, the tubular member 
or frame member 14 is connected to tiie chain table 2 
via a pivot joint 16. However, the pivot joint 16 is optional 
and may be omitted. The riser 10 may be guided 
ttirough the frame member 14 or could be routed out- 
side of tiie frame member 14. 
[0016] Rgure 4 shows an enlarged detail Of the load- . 
ing and mooring anangement according to the present 
invention wherein the product riser 10 is connected to a 
stationary part of a fluid swivel 16 on the chain tsiblie 2. 
The rotating part of tiie fluid swivel 16 is connected to 
flexible riser section 11. At the lower end of the STL- 
bupy 7, tine flexible riser section 11 is connected to a 
swivel 17. The chain 19, connecting the chain table 2 
and the.STL buoy 7, is provided with a chain swivel 20 
such that an upper chain section 21 can rotate relative 
to lower chain section 22 around ttie lengtti dimension 
of the chain 19. At ttie upper end, the chain 21 is con- 
nected to a gimbal table 23 of the STL-buoy 7. 
[0017] Rgure 5 shows an embodiment wherein tiie 
STL4xjoy 32 is connected via a connection part 33, 
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which in this case may also be a cable, chain or pivoting 
frame mender, to the end of a pivot ami 34. The buoy 
32 can be engaged with a keel cavity 37 in the shuttle 
tanker 31 . As can be seen in figure 6, the pivot arm 34 
has the form of a delta-type frame. The arm 34 is con- s 
necled to a f bating productton storage and offloading a 
vessel 30 via a pivot connection 31. Carrier arms 32, 
32\ which extends transversely to the delta frame 34, 
are connected to a positioning weight 33 which in the 
rest position is located directly below the pivot joint 31 . io 
A flow line 35 extends along the arm 34 to the STL-buoy ! 
32. 

[001 81 Finally, f igure 7 shows an enrtbodiment wherein 
an STL buoy 40 is connected to a flow line 41, which 
has no positive buoyancy. Flow line 41 is collected on a is 
winch 42 on the FPSO-vessel 43. A shuttle tanker 44 
having a dynamic positioning system in the form of mul- 
tiple thrusters 45 can be manoeuvred in the proximity of 
the FPSO-vessel 43 and can attach to the STL buoy 40 
via a hook-up line 47. With the hook-up line 47 the STL 20 
buoy 40 can be winched into the keel cavity 48 for con- 
necting the flow line 41 to the shuttle tanker 44. No 
anchoring function of the flow line 41 and STL buoy 40 
are provided in this case, the dynamic positioning sys- 
tem of the shuttle tanker 44 maintaining the proper rela- 2s 
tive position of the tanker 44 with respect to the FPSO- 
vesset43. 

aalms 

30 

1. Loading anrangement (1) comprising a riser (10) 
extending from a subsea structure to a coupling 
element that is attached to the riser (10) for cou- 
pling the riser to a vessel, the coupling element 
comprising a buoy body (7) that is connected to the 35 
seabed via anchor lines (3.3') that are provided with 
buoyancy means (4,4') at or near their ends that are 
located near the buoy body, characterised in that 
the buoy t)ody (7) is connected to a retention mem- 
ber (2) via a flexible connection part (8,14,15,16), 40 
the retention member (2) being attached to the 
anchor lines (3,31. wherein the connection part 
(8,14.15,16) has a relatively high tensile strength to 
anchor the vessel to the seabed and to prevent drift 
of the vessel when tension is exerted on the con- 4S 
nection part and the anchor lines (3,3% 

2. Loading an^ngement (1) according to claim 1. 
wherein the retention memljer (2) comprises a 
chain table connected to the seabed by at least two so 

anchor lines. 

3. Loading anangement (1) according to daim 2. 
wherein the retention member (2) comprises a 
rotataWe swivel (16) having a stationary part con- ss 
nected to the riser and a rotating part connected to 

a flexible riser section (1 1) extending from the rotat- 
ing swivel part to the buoy body (7). the flexible riser 



section (1 1) being attached to the buoy body (7) via 
a second swivel (17) for allowing displacement of 
the flexible riser section (1 1) in a plane through the 
connection part (8). 

. Loading arrangement (1 ) according to claim 2 or 3, 
- wherein the anchor lines (3.3*) are provided with a 
buoyancy member (4.4") near their ends that are 
attached to the chain table (2). 

u Loading arrangement (36) comprising a first vessel 
(30) having a pivot arm (34) that is pivotably con- 
nected to the vessel (30), and a coupling element 
comprising a buoy body (32) being connected to 
the pivot arm (34) via a flexible connection part (33) 
at or near the free end of the pivot anm, wherein the 
connection part has a relatively high tensile 
strength to anchor a second vessel (31) via the 
buoy body (32). virtien it is coupled with a cavity (37) 
near keel level of the second vessel (31) to the first 
vessel (30). and a flow line (35) extending from the 
first vessel (30). along the pivot arm (34) to the buoy 
body(32). 

6. Loading an^angement (36) according to daim 5. 
wherein the pivot arm (34) comprises a weight (33) 
for maintaining the pivot arm in a stabilised sub- 
merged position. 

7. Loading an^ngement (36) according to daim 6, 
wherein the weight (33) is canried by a support arm 
(32,32') that is attached transversely to the pivot 
arm (34) such that the weight (33) is located below 
the pivoting connection (31) of the pivot arm (34) to 
the vessel (30) when the arm (34) is in its sub- 
merged equilibrium position. 

8. Loading anrangement (1 ,36) according to any of the 
previous daims, wherein the connection part (8) 
comprises a chain (19). 

9. Loading arrangement (1,36) accading to daim 8, 
wherein the chain (19) comprises a chain swivel 
(20) having rotatable first and second segments, 
the first segment being attached to an upper chain 
section (21), the second segment being attached to 
a tower chain section (22) for allowing relative rota- 
tion of the f irst and second chain sections (21 ,22) 
around their longitudinal axis. 

ia Loading arrangement (1.36) according to any of 
daims 1 to 7. wherein the connection part (8) com- 
prises a substantially rigid frame member (14) 
which Is connected to the buoy body (7) via a pivot 
connection (15). 

11. Loading arrangement (1 ,36) according to claim 10, 
wherein the frame menfoer (1 4) is connected to the 
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retention member (2) via a pivot connection (16). 

12. Loading arrangement (48) comprising a first vessel 
(43) having a winch (42) and a flew line (41) con- 
nected to the winch (42), the fiowline (41) being at s 
its free end provided with a buo/ body (40), the 
buoy body comprising coupling means for engaging 
with a recess (48) near keel level of a dynamically 
positioned second vessel (44) in the proximity of the 
first vessel (43). io 

13. Loading arrangement (48) according to daim 12, 
wherein the buoy body (40) has a generally conical 
shape or the form of a truncated cone. 

IS 
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